Lipids and fatty acids of three species of Northeast Pacific finfish harvested in summer. by NC DOCKS at The University of North Carolina at Greensboro & Wander, Rosemary
Lipids and Fatty Acids of Three Species of Northeast Pacific Finfish Harvested in Summer
*
 
 
By: ROSEMARY C. WANDER AND BEVERLY D. PATTON 
 
Wander, R.C. and Patton, B.D. 1991. Lipids and fatty acids of three species of Northeast Pacific 
finfish harvested in summer.  J. Food Comp. Anal. 4:128-135. 
 
Made available courtesy of ELSEVIER: 
http://www.elsevier.com/wps/find/journaldescription.cws_home/622878/description#description 
 
***Note: Figures may be missing from this format of the document 
 
Abstract: 
The purpose of this study was to measure the total lipid and cholesterol content and fatty acid 
profile of chinook salmon (Oncorhynchus tshawytscha), Dover sole (Microstomus pacificus), 
and sablefish (Anoplopoma fimbria). All three species of fish were caught off the coast of 
Oregon in late summer, 1987. Salmon contained 6.95% total lipid, Dover sole contained 1.03%, 
and sablefish contained 5.72%. For the fatter fish these values were considerably lower than the 
average values found in literature. The two fatter fish contained approximately 1 g n-3 fatty acids 
per 100 g wet weight, again lower than the average values found in literature. This study 
demonstrates the need to increase the information available about seasonal variation in lipid 
content of Finfish so that accurate dietary recommendations can he made.  
 
Article: 
INTRODUCTION 
Since epidemiological studies among Eskimos and Japanese fishermen and farmers (Bang and 
Dyerburg, 1980; Kagawa et al., 1982) first suggested that the consumption of fish might lower 
the risk of cardiovascular disease (CVD), considerable interest has been generated in their n-3 
fatty acid content. These highly unsaturated fatty acids are thought to have hypolipemic, 
antithrombotic effects (Goodnight, 1988; Connor, 1988). 
 
In early studies to assess the therapeutic value of fish, often large doses (>15 g/d) of n-3 fatty 
acids supplied as the :fish oil were used (Harris and Connor, 1980; Phillipson et al. 1985). 
Because it is the consumption of fish. and not the use of fish oils that has been linked to 
decreased incidence of CVD and because such high doses are impractical and may be associated 
with intolerable gastrointestinal side effects and poor compliance (Radack et 1990), dietary fish 
may provide a more attractive source of n-3 fatty acids. However, since the effects of n-3 fatty 
acids are known to be dose dependent (Harris et al, 1990; Sanders and Roshana, 1983), accurate 
dietary recommendations require the content of n-3 fatty acids in fish be known. 
 
Although the amount of reference information about the lipid and n-3 fatty acid content of fish is 
becoming more extensive (Sidwell, 1981; Exler 1987; Krzynowek and Murphy, 1987; Gooch et 
al_ 1987; Krzy.nowek et al., 1989), there is still an inadequate data base on the nutritional 
composition of seafood. The proximate corn-- position, especially the lipid content, between and 
within species of fish is highly variable (Stansby, 1976). There are numerous factors which 
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,contribute to this variability: food available to the fish, location of catch. the size of the fish, 
their stage of maturity, individual variability, and location on the fish from which the sample is 
taken (Hardy and King, 1989). The n-3 content can also vary but the variation in total lipid 
content is more dramatic than that of the n-3 fatty acid content: the former can be a 13-fold 
variation while the latter may he only a 2-fold variation (Stansby, 1986). Differences in the lipid 
and n-3 fatty acid content may have important consequences in menu planning. 
 
Limited information is available about the variability of lipid and fatty acids content of fish 
important to the fisheries industry of the Northeast Pacific. The purpose of the study was to 
measure the level of total cholesterol, and the fatty acid profile in Dover sole (Microstomus 
pacificus), chinook salmon (Oncorhynchus tshawytscha), and sablefish (alias black cod; 
Afloplopoma fimbria ) harvested from the Northeast Pacific under clearly defined conditions. 
 
MATERIALS AND METHODS 
All of the fish were caught off the Oregon coast on September 9-10, 1987. They were 
immediately eviscerated, mechanically skinned and &boned, and minced, and a single composite 
was made of each species of fish. The composite sample, separated into subsamples of about 1 
kg each, were vacuum-packed and blast frozen. These preparations were made at the Oregon 
State University Seafood Laboratory in Astoria, Oregon. This technique of preparing the fish 
removes all the edible flesh. They were, maintained at -40°C until used. A sufficient number of 
fish were obtained for each species to provide about 136 kg (300 pounds) of minced flesh_ This 
would represent about 25 salmon, 130 sablefish, and 450 Dover sole. This method of preparing a 
composite sample assures us that the selection of any aliquot provides a representative, 
homogeneous sample of tissue. 
 
Lipids were extracted from six aliquots of each of these samples using chloroform and methanol 
( l:2, v/v) according to the method of :Ugh and Dyer (1959). An aliquot of each extract was used 
for the gravimetric determination of total lipids (AOAC Method 7.061, 1984) and the fatty acid 
profile. The recovery of trialyceride added to a sample of fish was greater than 95%. 
 
The fatty acid methyl esters were identified by gas liquid chromatography (Song and ,Wander, 
1991) using a Hewlett-Packard 5890 gas chromatograph (GC) (Avondale, PA). The GC was 
equipped with a 30 X 0.25 mm i.d., 0.25-pm film thickness SP 2330 column (Supelco, 
Inc.,Bellefonte, PA). Helium was the carrier gas and was used at a flow rate of 1 ml/min with a 
split ratio of 1.00:1. Hydrogen and air flow rates were 30 ml/min and 300 ml/min, respectively. 
Both the injector and the detector were maintained at 235°C. The column was programmed for 4 
mini at 170°C and then for 3°C per minute rise up to a maximum of 225°C. The GC interfaced 
with a Hewlett- Packard 18550A microprocessor which reported retention time, peak area, and 
area percent for each component. These data were transferred directly to a microcomputer via a 
commercial communications program (MasterLink, Infrotronix, Seattle, WA). Fatty acid methyl 
esters were identified by comparing to authentic standard mixtures (Sigma., St. Louis, MO; 
NuChek Prep, Inc., Elysian, MN; Supleco, inc.., Bellefonte, PA) and quantitated using 23:0 as 
the internal standard. The cholesterol content of the fish was measured with a colorimetric 
method using ferric chloride (Sweeney and Weihrauch, 1976). Recovery of cholesterol added to 
a sample was 91.2%. All analyses were performed on raw tissue and data are given on a wet 
weight basis. 
 
RESULTS AND DISCUSSION 
The total lipid and cholesterol content of the chinook salmon, Dover sole, and sablefish. are 
given in Table 1. As mentioned earlier, the lipid content of fish is highly variable. By obtaining a 
composite sample of minced flesh from several fish caught at the same site and the same time for 
each of the species studied, much of the source of this variation is eliminated. 
 
Our value of 1.03% total lipid for Dover sole is similar to the value 010.95% (range
,
 0.39-3,32%) 
reported by Stansby (1976) and 0.9% (range 0.6-1.2%) reported by Sidwell (1981). Exler (1987) 
does not report this species separately but gives a collective value for flatfish (genus, Bothidae 
and Pleuronectidae) of 1.19%. None of the fish included in this study are reported by Gooch et 
al. (1987) because their data are confined to southeastern finish species nor by Krzynowek et al. 
(1989) because their data are confined to finfish of the Northwest Atlantic. The agreement in the 
fat. content between. different studies is typical for low fat fish. As a class, flattish have a 
composition similar to that of most bottom-feeding fish in which the total lipid content is 
relatively low. Because such fish do not usually migrate over wide areas, fat is not stored in their 
muscular tissue for future requirements. Hence, large variations in the total lipid. content are not 
found (Stansby, 1976). 
 
Our value of 6.95% total lipid for chinook salmon is lower than the average value of 10.44% 
reported by Extler (1987), 11.6% by &dwell ()981), 11.5% by Stansby (1976)„ and 13.2% by 
Gruger et al. (1964). However, two of these sources give a range of fat for chinook salmon: 
Sidwell (1981) gives a range of 2.2-19.0%; Stansby (1976), 7.2- 11.5%. Although our value is 
within these ranges, overall the fish we analyzed appear to have a lower fat content than is 
generally thought to be present in ch i nook salmon. Salmonids tend to have their highest fat 
content just before they embark on their migration up rivers to spawn. Consequently, fish caught 
by net fishing in fishing areas, at the mouths of rivers generally have higher lipid levels than fish 
from populations that are caught offshore by trollers before upstream migration begins (Hardy 
and King, 1989). Since our fish were caught offshore, their low fat content reflect these facts. 
 
Similarly, the value of 5.72% total lipid that we obtained for sablefish is lower than the 15.30% 
reported by Exler (1987), the 15.296 reported by Sidwell (1981), and the 
 
 
 
15.1% reported by Stansby (1976). However, Onager el at (1964) reported a total lipid content 
for one sablefish caught in December 1959 of 6..4% and Stansby gives a range of 2.76-22.9% 
(1976). Fatter fish, such as herring, mackerel, and sablefish, store excess fat in their muscle, 
mostly as triglycerides. Seasonal changes in food habits arc reflected in changes to the fat 
content of their bodies. Herring had a fat content of 5% when caught in January, a time when 
food is scarce, but 12% in July when food tends to be plentiful (Krzynowek al., 1989). However, 
limited information is available about seasonal variation in the fat content of sablefish. 
 
These variations in fat content have important consequences for menu planning. For instance, a 
day's menu containing 2000 kcal. might provide a 100-g serving (about :31 ounces) of sablefish. 
Using the value found in literature (Exler, 1987) for the fat content of sablefish, this menu would 
provide 37% of its caloric value as fat, However, if the only change made to the menu were to 
use sablefish similar to that analyzed in our study, the diet would provide only 32% kcal as fat. 
The diet, instead of being a high fat diet, would be moderate in fat. 
 
The cholesterol content of the three species of fish is also given in Table 1. Limited information 
is available about the variations in the cholesterol content of fish but, in general, our values are 
higher than others reported. Where we found 91, 68, and 69 mg/100 g wet weight for chinook. 
salmon, Dover sole, and sablefish, respectively, Exler (1987) reports 80, 58. 49 mg/100 g. 
Sidwell (1981) does not give values for these species. Krzynowek et al. (1989), based on their 
experience with the analyses of many 
 
species of finfish over many years, recently conjectured ±20% of the mean for all the cholesterol 
values reported in the literature would give quite reliable dietary amounts for any given species. 
They do note, however, that this rule is invalid for mackerel which has a wide range of reported 
cholesterol values. If the data given in Exler (1987) are considered means, our cholesterol levels 
fail outside the predicted range. Greater sampling is required, however, before it can be 
established that the species of fish. used in this study are characterized by larger variations in 
cholesterol content than are associated with most species of finfish. 
 
The fatty acid content of the chinook salmon, Dover sole. and sable:fish is given in Tables 2, 3, 
and 4, respectively. The values are reported both as percentage of total fatty acid methyl esters 
and as g1100 g of raw, wet weight of sample. As expected the: fatty acids present in greatest 
amount for the two fatter fish, ,chinook salmon and sablefish, are 16:0 and 18:1 (n-9)c. Although 
Exler (1987) also reports these as the most abundant fatty acids, he shows amounts higher than 
those present in the fish we: analyzed. Consumption of 100 g of salmon by our data would 
provide 1.77 and 2.34 g saturated (SFA) and monounsaturated (MUFA) fatty acids, respectively; 
sablefish, 1.34 and 1.83 g. Exler (1987) reports that salmon would provide 2.51 g SFA and 4.48 
g MUFA and sablefish 3.20 and 8.16 g. Ackman (1990) also reported that :sablefish was high in 
SFA and MUFA. The lower content of these two groups of fatty acids in the fish analyzed in our 
study parallels their lower fat content. 
 
For human dietary purposes these differences might be consequential. The removal of SFA from 
a diet is more effective in lowering serum cholesterol than the addition 
 
a Mean ± SD; a = 6; ND = not detected, levels below 0.01% or 0.005 g,/100  
b Wet weight. 
 
of polyunsaturated fatty acids to it (Keys, 1984). Additionally, MUFA have been shown to limit 
the decrease in high density lipoprotein cholesterol concentration that accompanies increased 
PUFA. consumption (Mattson and Grundy, 1985) and may modulate eicosanoid synthesis so as 
to decrease thrombogenie potential (Kinsella, 1990). Because of these potential physiological 
consequences of dietary fatty acids, knowing their intake is meaningful. 
 
Both fish are good sources of 20:5 (n-3) and 22:6 (n-6), providing about 1 g of n-3 fatty acids in 
a 100-g daily portion. However, this amount is almost two times lower than anticipated based on 
the values in Exler (1987). Since the therapeutic value of n-3 fatty acids are thought to he dose-
related (Harris et al., 1990; Sanders and Roshana, [983), maximum effect would be produced 
with larger intakes. A diet designed from information found in the literature would be incorrectly 
designed if fish such as those: used in our study were actually consumed. 
 
None of the fish contained appreciable quantities of the trans  isomer of 18:1 (n-9) but all 
contained 18:1 (n-7) at greater than 5% relative weight percent. To our knowledge these data 
have not been reported previously. In view of the fact that it has recently been shown that the 
trans isomer of 18:1 (n-9) may be hypercholesterolemie (Mensink and Katan, 1990), data such as 
reported in this study become necessary. 
When the data are expressed on a relative weight percent basis, the Dover sole appear to contain 
more n-3 fatty acids than either the chinook salmon or sablefish: 40.68% versus 21.05% and 
20.15%. The muscle in finfish contain about 0.6 g/100 g polar lipid. This accounts for almost all 
the lipid fraction in low fat fish (Krzynowek el al., 1989). Since polar lipids contain 
proportionately greater amounts of 20:5 (n-3) and 22:6 (n-3) fatty acids, Dover sole appears to be 
a better source. However, per serving size. of 100 g, salmon and sablefish provide about I g n-3 
fatty acids while Dover sole provides only 0.2 g because its total lipid content is much lower. In 
a recent metabolic feeding study conducted in our laboratory (Wander and Patton, in press; 
Gerhard el al., in press), we found that the consumption of 200 g of Dover sole as part of a high 
fat diet did not change several risk 'factors associated with CVD while the consumption of 
salmon and sablefish did. 
 
As it becomes dear that each fatty acid may play its own unique biological role (Kestin et' al., 
1990; Grundy, 1990), the content of individual fatty acids in the diet needs to be known. This 
knowledge requires more information about the lipid content of foods. The data contained in this 
study serve merely as a caution to suggest that one of the most frequently used sources of 
nutrient composition (Exler, l 987) provides only an estimate of the fat content of fish. More 
definite assessment will require greater sampling and composite preparation under known 
conditions (Stansby, 1986). Additionally, the impact of the method of preparation must also be 
evaluated. 
 
ACKNOWLEDGMENTS 
The authors thank [he Otter Trawl commission :for providing the Dover sole and the sablefish 
and Dr. Glenn Gerhard for his capable laboratory assistance. Oregon Agricultural Experiment 
Station Technical Paper Number 9594. 
 
REFERENCES 
ACKMAN, R. G. (1990). Nutritional composition of fats in seafoods. Prog. Food Mar. Sri. 
13, lb .1-241. 
AOAC (1984). Official Methods of Analysis (S. Williams, Ed.), |4m u1. Association of 
Official Analytical Chemists, Washington, DC. 
BANG, H. 0., AND DYERBERG,J. (1980). Lipid metabolism and ischemic heart disease in 
Greenland Eskimos. In Advances in NutrWonal Research (-1. H. Draper. Ed.), Vol. 3 
pp. 1-22. Plenum, New York. 
BLIGH E. G.,
 
AND DYER. W. (1959). A rapid method of total lipid extraction and 
purification. Can 1 BIOchem. Physiol, 37, 911-917. 
CONNOR, W. E. (1988). Effects of omega-3 fatty acids in hypertriglyceridemic states. 
Semin. Thromb. Hemostasis, 14, 271-284. 
EXLER, J.( I 987). Composirion (if Foods: Finfish and Shellfish Prodcts. Agriculture 
Handbook Number 8- 15. U.S. Dept, of Agriculture. 
GERHA.RD, G. T. PAirrON, B. D., LINDQUIST, S, A, AND WANDER, R. C. 
Comparative effects of three species of dietary fish on serum levels of low density 
lipoprotein, cholesterol and anolipoprotein On normotrigtyce.ridetnic subjects. A/" 
Clin. , in press. 
GOOCH, J. A., HALE,B., BROWN, T„ JR., BONNET, J. C., BRAND, C. 6„ AND REGIER, 
L. W, (1987). 
Provnnale and Fatty Acid Composition of 40 Southeastern U.S. Finfish Species, p. 23, 
NOAA Technical Report NNW'S 54. USDA, NOAA, NNW& 
GOODNIGHT, S. H. (1988). Effects of dietary fish oil and omega-3 fatty acids. on platelets 
and bloocl vessels. set"/. Thom. llemosuisis 14, 285-?89. 
GRUGER, E. H., JR., NELSON, R. W., AND STANSBY„ M. E. (1964) Fatty acid 
composition of oils from 21: species of marine fish, freshwater fish and shellfish. J. Am. 
Oil Chem. Soc. 41, 662-667. 
GRUNDY, S. H. (1990), Trans monounsaturated. fatty acids and scrum cholesterol 
levels. N. Engl. J. Ma 323, 480-481. 
FIARDY, R. W., AND KING,B. (1989), Variation in n-3 fatty acid content of fresh and 
frozen salmon. 
Omega/ News 4, 1-4. 
HARRIS, W. S.. AND CONNOR, W. F. (1980). The effects of salmon oil upon plasma lipids. 
lipoproteins and triglyeeride clearance. Trans. Assoc Am Physicians 43, 148-155. 
HARRIS,, W. S.. Rot HROCK, D. W., FANNING', A., INKELES
,
 S B,, GOonrsacti r, S. 
H., 11-I-IN(
,
swoRTH, D. R., AND coNN0R, W. C (1990) . Fish oils in 
hypertriglycendernia: A dose-respouse study. Ant I. Clin Num 51,399-406. 
KAGAWA,NISIIIYAWA, M., SLIZUKE„ M., et al. (1982). Eicosapolyenoie acids of serum 
lipids of Japanese 
islanders with tow incidence of cardiovascular diseases. J. Nutr. Sei. l'rritaminol. 28,44 
1-453. 
KESTON, M., Cu FroN, P., BEIJING, 0. B., AND NESTEL, P. J. (1990). n-3 fall!'" acids 
of marine origin lower systolic blood pressure and triglycerides hut raise LDL cholesterol 
compared with n-3 and n•6 fatty acids from plants. Am. J. fun. Nuir. 51,1028-1034, 
KEYS, A. (19.84). Serum cholesterol response to dietary cholesterol. ,1m. Nwr 40, 
351-359. 
KINSELLA, .1, E. (1990). Dietary unsaturated fatty acids: Interactions and possible needs in 
relation to eicosanoid 
synthesis. ,jBtocheitt I, I 23-141. 
KRZYNOWEK J., AND MuRP11Y, J. (1987), Novi/nate Composiliou, Energy, Foto) 
Arid, Sodith. and Cholesterol Content ofFinfish, Shellfish, and "Their Products, p. 53, 
NOAA Technical Report NMFS 55, USDA, NOAA, NMFS. 
KRZYNOWEK, J., MURIA iv, J., MANEY, R. S., AND HAND NZIO, L. J. (1989). 
Pro_vnnate C'oruPostliaa and Fatty Acid ond Cholesterol Content of 22 Species ol
.
 
Northwest ,ittiantic FiiiJsfi, p. 35, NOAA Technical Report NMFS 74. U.S. Dept. of 
Commerce. NOAA, 
MATTSON, F. AND GRUNDY, S. M. (1985). Comparison of effects of dietary satu rated, 
monounsaturated, and polyunsaturated fatty acids on plasma lipids and lipoproteins in 
man.../. Lipid Res. 26, 194-202, 
MENSNK, R. P., AND KATAN, B. K. (1990), Effect of dietary trans fatty acids on high-
density and low- density lipoprotein cholesterol levels in healthy subjects. N. Engl. J. 
,114ed 323,439-445. 
PHILLIPSON„ B. E., ROTHROCK, D. W.. CoNN0R,E., H ARRis, W. S., AND LILA 
NG1,VORTH, D. R. (1985). 
Reduction of plasma lipids, lipoproteins, and apoproteins by dietary fish oils in patients 
with hypertriglycerideinia..1. Med. 312, 1210-1216. 
RADACK, K. L., DECK, C. C., AND HOSIER, G. A. (1990). n-3 fatty acid effects on lipids, 
lipoproteins, and apolipoproteins at very low doses: Results of a randomized controlled 
trial in hypertriglyeeridemic subjects. ,Im I Clin. Mar. 51, 59c.1-605, 
SANDERS, T. A. 13., AND ROSHANA, R. (1983). The influence of different types of n-3 
polyunsaturated fatty acids on blood lipids and platelet function in healthy volunteers. 
Gin. Sci. 64, 9 1-99., 
SIDWELL., V. D. (1981). .(1.lealiali and Nutritional Composition of Finfishes, Whales, 
,
Crustaceans, Mollusks, and Their Products. p. 432, NOAA Technical Memorandum 
NMFS F/SEC-1. I. USDA, NOAA, NW'S. 
SONG. J. AND WANDER, R. C. (1991). Effects of dietary selenium and :fish oil 
(MaxEPA) on arachidonic acid metabolism and hemostatic function in the rat. J. Nun% 
121,284-292, 
STANBY, M. E. (1976). Chemical characteristics of fish caught in the northeast Pacific 
ocean. Mar. Fisheries Rev. 38, 1-I 
STANBY. M. E. (1986). Fatly acids in fish. In Health Elects of Polyunsaturated Fatty 
acids in Seafoods (A. P. Sirnpoulos, R. R. Kifer, and R. E. Martin, Eds.), pp. 389-401. 
Academic Press, Orlando, FL. 
SWEENEY,T. P., AND WEHIRAUCH, J. L. (1976). Summary of available data for 
cholesterol in loods and inet hods for its determination. In CRC Crit Review 1-'veal Set. 
Nutr., 131-40. 
WANDER, R. C. AND PATTON, B. D. Comparative effects of three species of fish 
consumed as part of the "Western'' diet on platelet fatty acids and function, hemostasis, 
and production of thromborane. 
 
